The incidence of subarachnoid haemorrhage (SAH) is 6-8 per 100 000 person years, peaking in the sixth decade. SAH, mostly due to rupture of an intracranial aneurysm, accounts for a quarter of cerebrovascular deaths. Aneurysms increase in frequency with age beyond the third decade, are 1.6 times more common in women and are associated with a number of genetic conditions. Prospective autopsy and angiographic studies indicate that between 3.6 and 6% of the population harbour an intracranial aneurysm. Studies have found an increased rate of SAH in first degree relatives of SAH patients (relative risk 3.7-6.6). In affected families, the most frequent relationship between sufferers is sibling to sibling. The rupture rate of asymptomatic aneurysms was thought to be 1-2% per annum, but the recent International Study of Unruptured Intracranial Aneurysms found that the rupture rate of small aneurysms was only 0.05% per annum in patients with no prior SAH, and 0.5% per annum for large (Ͼ10 mm diameter) aneurysms and for all aneurysms in patients with previous SAH. Non-invasive tests such as magnetic resonance angiography (MRA), computed tomographic angiography (CTA) and transcranial Doppler (TCD) have been advocated as alternatives to intra-arterial digital subtraction angiography to screen for aneurysms.
Introduction
Subarachnoid haemorrhage (SAH), due to rupture of an intracranial aneurysm, is a serious disorder with a high mortality and morbidity. It accounts for about one-quarter of cerebrovascular deaths and, despite improvements in the management of patients with SAH (Fogelholm et al., 1993) , the case-fatality rate is still reported as between 25 and 50%, with most patients dying as a result of the initial bleed or its immediate complications (Hop et al., 1997) . Of the survivors, 50% will be left disabled and dependent on others in activities of daily living (Hijdra et al., 1987) . SAH is due to rupture of a saccular aneurysm in~75% of cases, which usually arise from the circle of Willis or branch artery (Sengupta and McAllister, 1986) .
In recent years, there has been increasing interest in the possibility of detection and treatment of intracranial aneurysms prior to rupture. Patients increasingly are being referred to neurological and neurosurgical clinics, concerned that they may have an aneurysm themselves following an SAH in a relative. In order to offer asymptomatic subjects reasonable advice, it is necessary to know what their risk of having an aneurysm is, and should they have one what the likely risk of rupture is, how one might go about detecting such an aneurysm without exposing the patient to unnecessary stress or risk, and having identified an asymptomatic aneurysm what treatment, if any, should be offered. The risk at each stage must be weighed against the risk of not doing anything in that individual. The present review summarizes the current state of knowledge and highlights where more information is needed. In the preparation of this review, we have drawn heavily on evidence from systematic reviews of the available evidence performed by others (supplemented by more recent evidence where appropriate) and our own systematic reviews where others had not already applied this technique.
The relationship between SAH and unruptured intracranial aneurysm
In a recent systematic review of 18 studies worldwide, the overall incidence of SAH in all studies was 10.5 per 100 000 person years, but 6-8 per 100 000 person years in the most recent studies (with more frequent use of CT to confirm the diagnosis) and was greater for women than for men (Linn et al., 1996) . SAH is associated with physical activity, but the formation of aneurysms per se is not (Schievink et al., 1989) . Spontaneous SAH occurs most commonly in subjects aged between 40 and 60 years, but can occur from childhood to old age. It is~1.6 times more common in women than in men Rinkel et al., 1998) .
The risk factors for SAH and for having an unruptured intracranial aneurysm are very similar (see Table 1 ). Smoking, hypertension, alcohol consumption (particularly binge drinking) (Teunissen et al., 1996) , cocaine and amphetamine abuse (Oyesiku et al., 1993) , oral contraceptive use (Johnston et al., 1998) and plasma cholesterol concentration in the highest tertile (Ͼ6.3 mmol/l) (Adamson et al., 1994) are all associated with an increased risk of aneurysm formation and/ or SAH.
Genetic conditions associated with SAH and intracranial aneurysms include adult polycystic kidney disease (ADPKD) -aneurysms occur in 10-15% of ADPKD patients (Hughes et al., 1996) and recur frequently in ADPKD patients with known aneurysms, particularly if there is a positive family history (Ruggieri et al., 1994; Hughes et al., 1996) . Less common hereditary conditions associated with intracranial aneurysms include type IV Ehlers-Danlos syndrome (Schievink et al., 1990) , possibly pseudoxanthoma elasticum (Munyer and Margulis, 1981) [although a very recent report refutes any association (van den Berg et al., 1999) ], hereditary haemorrhagic telangiectasia (Roman et al., 1978) , neurofibromatosis type I (Morooka and Waga, 1983; Mulvihill et al., 1990 ) and α1-antitrypsin deficiency (Schievink et al., 1996) . Marfan's syndrome was thought to be associated with aneurysms, but a recent detailed study of 135 patients with Marfan's syndrome (classified as such using standard criteria) found no evidence of a relationship (van den Berg et al., 1996) . The authors suggested that previous case reports indicating an association may have been based on a doubtful or inconclusive diagnosis of Marfan's. The only caveat to this assertion (about the lack of an association) is that the average age in this large series was 21.3 years, whereas the median age of case reports in the literature was 41.3 years and, even in association with genetic disorders, aneurysms are rare below 20 years of age. Predilection to aneurysm formation has also been reported sporadically in other conditions including Klinefelter syndrome, tuberous sclerosis, Noonan's syndrome and α-glucosidase deficiency (King, 1997) . While some studies have shown a relationship between aneurysms and HLA-B27, HLA-DR2 (Ostergaard and Hog, 1985) HLA-A28 and HLA-B40 (Norrgard et al., 1987b) , other studies have failed to confirm these associations (Schievink et al., 1988; Leblanc et al., 1989) .
What is the frequency of intracranial aneurysms in the general population?
Incidental aneurysms are found commonly at autopsy in patients dying of unrelated conditions, and the answer to the question 'How common are unruptured aneurysms?' depends on the method of case ascertainment (e.g. autopsy or angiography), whether the study is retro-or prospective, the population studied and-most importantly-how hard you look! 'Symptomatic aneurysms' are those causing SAH following rupture, or exerting symptoms by a spaceoccupying effect (most commonly oculomotor nerve palsy produced by a posterior communicating artery aneurysm). Tables 2 and 3 for references) with one affected member 'Asymptomatic aneurysms' may be defined as additional aneurysms found in patients with a symptomatic aneurysm, which are not responsible for the clinical presentation or those aneurysms found in patients investigated because they are at risk (of harbouring an aneurysm). 'Incidental aneurysms' may be defined as those found unexpectedly in patients undergoing investigation for other suspected pathology.
Prior to the 1970s, several autopsy studies suggested that the overall prevalence of unruptured aneurysms in adults was as low as 0.3%, but was as high as 9% in studies which looked specifically for aneurysms (Bannerman et al., 1970) . Studies using angiography are confounded by the underlying disease for which the angiogram was done (e.g. tumour, stroke, intracranial haemorrhage), and the images may be suboptimal for detection of aneurysms, thereby underestimating frequency. Rinkel et al.'s systematic review of all studies (published between 1955 and 1996) of the frequency of aneurysms identified 23 studies including a total of 56 304 patients . The majority of these (78%) were retrospective autopsy studies, 5% were retrospective angiography studies, and 11 and 7% were prospective autopsy and angiography studies, respectively. The prevalence of unruptured aneurysms varied considerably: 0.4 and 3.6% (for retro-and prospective autopsy studies, respectively), and 3.7 and 6% (for retro-and prospective angiography studies, respectively).
Subsequent data support the figures derived from earlier prospective studies. A recent prospective Japanese study of 8680 'normal' people investigated with magnetic resonance angiography (MRA) found that 5.6% of men and 8.5% of women had intracranial aneurysms (Kojima et al., 1998) . Another Japanese study found that 3.4% of men and 15.4% of women (out of a total of 120 patients) with ischaemic heart disease (but no neurological symptoms) had one or more asymptomatic aneurysms, compared with 2.6 and 3.6%, respectively in a control group (Uehara et al., 1998) . A prospective autopsy study of unruptured intracranial aneurysms performed in East Finland (Ronkainen et al., 1998) found 33 incidental unruptured aneurysms in 29 of 532 patients (4.7%) aged 30-70 years, of which 21 aneurysms in 18 patients (2.9%) were 3 mm or greater in diameter. In this study, only a quarter of subjects were female, so it may have underestimated the true prevalence of unruptured aneurysms. An important technical point to note is that the size of an aneurysm at autopsy is significantly less than its size in life when it is distended by transmural (arterial minus intracranial) pressure. Perfusion of aneurysms identified at autopsy with saline at 70 mmHg increased aneurysm diameter by 30-60% and volume by up to 400% (see Fig. 1 ) (McCormick and Acosta-Rua, 1970) .
Of patients undergoing angiography following SAH, 20-25% are found to have at least one unruptured aneurysm in addition to the one which has ruptured (Lozano and Leblanc, 1987) . Additional aneurysms occur more commonly in females . Both smoking and female gender were important factors in the development of multiple aneurysms in the International Study of Unruptured Intracranial Aneurysms (ISUIA) study (International Study of Unruptured Intracranial Aneurysms Investigators, 1996) .
Thus it would appear that 3.6-6.0%, of the population aged over 30 years harbour an unruptured aneurysm, that these are commoner in females than in males, and increase in frequency with age; they are associated with smoking and alcohol consumption, possibly with hypertension, oral contraceptive use and hypercholesterolaemia. However, clearly only a modest proportion of these aneurysms actually rupture, so the key to the management of unruptured intracranial aneurysms is to identify (i) those at greatest risk of harbouring an aneurysm and (ii) which of those aneurysms are at greatest risk of rupture. 
Can we identify specific groups at higher risk of intracranial aneurysms?
The association of SAH and aneurysms with specific genetic diseases and risk factors such as smoking has been mentioned earlier. SAH may affect several members of a family without any specific genetic 'disease'. The first report of intracranial aneurysms affecting several members of the same family was made in 1942 (O'Brien, 1942) , and the association is now well described. Familial SAH has been defined inconsistently, including as 'families in which two or more members have had an SAH', which does not take account of the degree of relationship. Therefore, it would be preferable to use a more precise definition of familial SAH as given below. Some studies of the familial incidence of SAH included first to third degree relatives, and others only first and second degree, leading to potentially confusing results. Several examples of families in which numerous members are affected by SAH have been described in detail, and it may be that several of these badly affected families are raising the apparent prevalence of SAH in relatives of index patients with SAH in incidence studies (Leblanc, 1997) . Though there is concern about the possibility of increased risk of intracranial aneurysms in families where only one member has had an SAH, it has been suggested that many cases of seeming 'familial intracranial aneurysms' might simply represent accidental aggregation (ter Berg et al., 1992) . ter Berg et al. calculated that if each SAH patient had on average 17.5 relatives (first to third degree), and the prevalence of intracranial aneurysms in the general population was 1% and the annual rupture rate of aneurysms was also 1%, then each SAH patient had, on the basis of chance alone, a 5.6% possibility of having a first to third degree relative also affected by SAH. This is consistent with data from a case-control study by De Braekeleer and colleagues in Quebec, in which each SAH patient was matched with controls from the same geographical population (De Braekeleer et al., 1996) . The proportion of SAH patients with third degree relatives who had had a SAH was the same as the proportion in the control population (14%). The difference occurred in the proportion of second degree (9.6% versus 4.6%, SAH versus control) and first degree relatives (9.0% versus 1.9%) also affected by SAH (De Braekeleer et al., 1996) . So is the risk of SAH in relatives of SAH patients truly increased in all cases or just in occasional families?
Familial SAH should, therefore, be defined as families in which two or more close blood relatives (first or second degree) have a history of aneurysmal SAH without any other known heritable disease. Note that first degree relatives are parents, siblings and children; second degree relatives are grandparents, grandchildren, aunts and uncles, and nieces and nephews; and third degree relatives are cousins, great grandparents, great grandchildren, etc.
Six studies since 1987 (Table 2 ) have examined the prevalence of unruptured aneurysms and/or SAH amongst relatives of patients with SAH (Norrgard et al., 1987a; Bromberg et al., 1995a; Schievink et al., 1995; Wang et al., 1995; De Braekeleer et al., 1996; Ronkainen et al., 1997) . A further recent Japanese study sought family histories of SAH amongst patients self-presenting for cranial MRI (including MRA) though they did not sample a defined population (Kojima et al., 1998) . Other studies have described small groups of families affected by SAH but were not truly population-based (Alberts et al., 1995; Leblanc, 1997) . In the six population-based studies, four were retrospective (studying families of patients who had had their SAH in a defined prior time period) and two prospective (studying families of patients presenting with SAH during the study period). Two were case-controlled and the others primary observational studies. Two were Scandinavian, two American, one Dutch and one Canadian. Four used a hospital-admitted population of SAH patients, and two were community-based. Three excluded patients known to have ADPKD. Four used a questionnaire or interview to determine the family history (which was validated only in the study by Bromberg et al., 1995a) and two used centralized health data alone without contacting the patient or relatives at all. The six studies did not include similar groups of relatives, i.e. some only included first, some first and second degree, and some first to third degree relatives, and furthermore not all the studies analysed the results obtained by relationship to the index case. The studies where it was possible to calculate a relative risk (RR) for SAH in relatives compared with the background population were broadly in agreement: Schievink et al. found an RR for SAH of 4.14 for first degree and 1.6 for second degree relatives; Bromberg et al. found an RR of 6.6 for first and second degree relatives combined; and De Braekeleer et al. found an RR of 4.7 for first and 2.1 for second degree relatives. Whilst the relative risks appear large, it is important to bear in mind the small absolute number of relatives affected: Norrgard et al. found that 22 of 1352 (1.6%) siblings had had an SAH; Schievink et al. found that 11 of 608 (1.8%) first degree relatives had had an SAH; and Bromberg et al. found that 17 of 1290 (1%) first degree relatives had had a definite or probable SAH, giving a total of only 50 out of 3250 (1.5%) first degree relatives affected by SAH in studies from which it was possible to extract these data.
Some of the differences between studies in the number of relatives with SAH per index case may be due to case ascertainment bias; e.g. in the study by Ronkainen and colleagues, only two-thirds of those invited to participate actually did so, and those who did may have been motivated by a positive family history, whereas the third who declined may have been less interested in a disease which did not appear to affect their family. Other possible sources of bias include recall bias, patients missed from hospital-based studies, lack of knowledge about family history, failure to recognize SAH, etc. In addition, some of the studies are relatively small and geographically localized, so that a few families with many affected members amongst a large number of families with no affected relatives could raise the overall average considerably. Despite these methodological problems, on the evidence available so far, somewhere between 1 (Bromberg et al., 1995a) and 11.4% (Wang et al., 1995) of SAH patients will have at least one first degree relative with SAH, and between 16 (Ronkainen et al., 1997) and 29.8% (De Braekeleer et al., 1996) will have at least one first to third degree relative with SAH. Nevertheless, the great majority of relatives of SAH patients will not have had an aneurysmal SAH, which implies that the prevalence of aneurysms likely to become symptomatic is also small. Therefore, screening all relatives for aneurysms would necessitate examination of a very large proportion of unaffected people.
Are any particular relations affected more frequently by SAH and aneurysms?
Most of the above studies reported detailed family trees of the families in which two or more subjects were affected (including the index SAH case) ( Table 3 ). The most frequent relationship was index patient to sibling only (44%), followed by index patient to second or third degree relative only (25%), followed by index patient to parent (18%). Overall, a parent was affected in 24% of cases, i.e. in only a quarter of affected families was there a clear warning of the potential for SAH from a previous generation. The quarter of cases in which only a second or third degree relative has been affected offers an even more difficult target for screening as it would et al. (1995) 17 36 Sib. ϭ sibling; N/Sϭ not stated or data not extractable from the paper. *Studies which did not document detailed family histories for second or third degree relatives affected by SAH.
be difficult to know whom to screen. As siblings are the most frequently affected relatives (affected in 52% of cases overall), these would be the obvious group of relatives towards whom any screening effort should be targeted. Familial intracranial aneurysms are reported to have distinguishing biological features, including rupture on average at a younger age than non-familial [most frequently in the fifth decade compared with the sixth decade for sporadic SAH (Kassell et al., 1990) ], worse clinical outcome (after matching for age and sex with non-familial cases) and an increased prevalence of middle cerebral artery aneurysms (Bromberg et al., 1995b; Kojima et al., 1998) . From published case series of familial aneurysms, it appears there may be a younger age of rupture in subsequent generations (Bromberg et al., 1995b) , implying possible anticipation. Familial aneurysms are also reported to have a predilection towards rupture in the same decade in individuals of the same family, particularly in siblings (Leblanc, 1997) . Familial asymptomatic aneurysms are more likely to rupture in families having members with a history of SAH than in those without (Kojima et al., 1998) , though this finding might be due, at least in part, to case ascertainment bias.
What is the frequency of aneurysm rupture?
A systematic review of the literature on the risk of rupture of aneurysms identified nine studies with a total of 3907 patient years of follow-up , over half of these contributed by one study from Finland (Juvela et al., 1993) . During follow-up, 75 of 495 (15.2%) patients suffered an SAH, giving an annual rupture rate of 1.9% [95% confidence interval (CI) 1.5-2.4] ( Table 4) . Aneurysms were significantly more likely to rupture in women than in men (RR 2.1, 95% CI 1.1-3.9) and the risk of rupture increased with age, e.g. in the group of patients aged 60-79 years, RR of rupture was 1.7 (95% CI 0.7-4.0) compared with those aged 40-59 years. Symptomatic aneurysms were significantly more likely to rupture than asymptomatic or additional aneurysms (6.5% versus 0.8% versus 1.4%, respectively); RR of 8.2. Posterior circulation and large (Ͼ10 mm) aneurysms were significantly more likely to rupture; RR of 4.4 and 4.0, respectively. The median time from diagnosis to rupture in the study by Juvela and colleagues was 9.6 years (mean 9.4 years, range 1.2-23.1 years), but this was the only study of the nine included in the systematic review to have a mean or median follow-up of Ͼ9 years.
The initial size of the aneurysm and subsequent rupture rate is a complex issue. In Juvela's study, there was no disparity in the size of the aneurysm on intra-arterial digital subtraction angiography (IADSA) at the start of follow-up between patients who later had a SAH and those who did not (median 4 mm, range 2-25 mm in those with later SAH versus median 4 mm, range 2-26 mm in those without). Of the aneurysms which later ruptured, 67% were Ͻ6 mm in diameter, although the proportion of aneurysm ruptures increased almost constantly according to size (P ϭ 0.03). Aneurysm size was not associated with the interval to rupture. In a logistic regression model, the only factor significantly related to aneurysm rupture was the size of the aneurysm, i.e. aneurysms of ജ7 mm had a relative risk of rupture of 2.24 compared with smaller aneurysms (Juvela et al., 1993) . Although the threshold size critical for SAH is not certain, most studies indicate minimal risk of rupture for incidental aneurysms measuring 3 mm or less (McCormick and AcostaRua, 1970; Wiebers et al., 1987) . A proportion of the patients in the study of Juvela and colleagues had a repeat angiogram during follow-up: in patients with later SAH, the size of the aneurysms had increased from the start of follow-up, whereas in those without later SAH the size did not change. In addition, in patients undergoing angiography during followup, new aneurysms were found which had formed during the study in 19%, giving an approximate rate of formation of 2.2% per year. Some patients later suffered an SAH from these de novo aneurysms.
The largest ever study to follow-up unruptured aneurysms is the ISUIA with 2621 patients (International Study of Unruptured Intracranial Aneurysms Investigators, 1998). This studied two groups of patients retrospectively: (i) patients Table 4 Summary of data on risk of aneurysmal rupture Rinkel et al. (1998) ISUIA ( Data additional to those published in the systematic review were kindly supplied by Dr Gabriel Rinkel to allow calculation of duration of follow-up; the paper by Juvela et al. (1993) contributed 28% of the patients to the systematic review but almost half the patient-years of follow-up.
with asymptomatic aneurysms with no prior SAH and (ii) those with multiple aneurysms who previously had sustained an aneurysmal SAH. The investigators also studied prospectively the risks of treatment of asymptomatic unruptured aneurysms. The results of the ISUIA indicate a tiny rupture risk, compared with previous estimates, of 0.05% per annum for small aneurysms (Ͻ10 mm diameter) in patients who have not had an SAH previously, and of 0.5% per annum for large aneurysms and for all aneurysms in patients who previously have sustained an SAH from another aneurysm. Of the 1449 included patients with 1937 unruptured saccular aneurysms ജ2 mm diameter, 32 patients had confirmed aneurysm rupture during follow-up; mean duration of follow-up 8.3 years (12 023 patient years in total). In the cohort that previously had not had an SAH, only one of 12 aneurysmal ruptures occurred in an aneurysm Ͻ10 mm in diameter, compared with 17 of 20 patients in the cohort who previously had had an SAH. This study also found that the only significant predictors of rupture were the size and location of the aneurysm: aneurysms ജ10 mm diameter had an RR of rupture of 11.6; for posterior circulation aneurysms the RR was 13.8 and 13.6 for basilar tip and vertebrobasilar locations, respectively, and 8.0 for posterior communicating artery aneurysms. The follow-up of patients in ISUIA is continuing until 2001. There is clearly a discrepancy between the size of unruptured aneurysms in people with no prior history of SAH which subsequently rupture as opposed to the mean size of aneurysms discovered only after rupture in other studies [Ͼ10 mm versus 7.5-9 mm (Wiebers et al., 1987) ]. It has been postulated that this may be explained by a propensity for aneurysms that are going to rupture to do so soon after they form, possibly before collagen can form in their walls in significant amounts (D. O. Wiebers, personal communication). However, it may simply be that small aneurysms are so much more frequent than large aneurysms that despite a much lower rupture risk, ruptures occurring in small aneurysms outnumber those from large aneurysms. The discrepancy in aneurysmal rupture rates between the systematic review and the ISUIA requires explanation. Annual rupture rate was 0.5% (ISUIA) versus 1.4% per annum (Rinkel et al.) for unruptured additional aneurysms in patients with a prior history of aneurysmal SAH; and 0.05% (ISUIA Ͻ10 mm) versus 0.8% (Rinkel et al., all sizes) per annum for asymptomatic aneurysms. Although the mean follow-up in the nine studies included in the systematic review ranged from 2.1 to 13.7 years, compared with 8.3 years for the ISUIA, ISUIA followup was significantly shorter than the 13.7 years of Juvela et al. (which contributed substantially to the systematic review data), who found a median time to aneurysm rupture of 9.4 years (Juvela et al., 1993) . ISUIA data from 1999 to 2001 should clarify whether the duration of follow-up is a significant factor in explaining this discrepancy. Recruitment bias may have influenced the results. The majority of ISUIA patients were identified retrospectively from hospital records (1981 onwards, with the identification process commencing in 1992) and only survivors with persistently asymptomatic aneurysms, in whom a complete set of angiograms could be traced, were eligible for inclusion. These patients might not be entirely representative of the natural history of all aneurysms: e.g. subjects who had suffered a fatal episode of SAH, or where an asymptomatic aneurysm had been treated since 1981, or who had incomplete angiograms could not be included in the ISUIA. The patients with asymptomatic aneurysms identified and followed up prospectively from 1992 to 1998 provide less biased data but there were fewer Fig. 2 Imaging of a right posterior communicating artery aneurysm (arrow) with the gold standard intra-arterial digital subtraction angiography (A), and two non-invasive techniques, i.e. magnetic resonance angiography (B) and computed tomographic angiography (C). The aneurysm is large and readily identified by both non-invasive techniques.
of them, and 6 years of follow-up is too short. Finally, one also needs to bear in mind the relatively small numbers of ruptured aneurysms in the studies from which the rupture rates were calculated (32 in the ISUIA and 75 in the systematic review by Rinkel et al.) and the potential for the influence of chance.
How should one search for aneurysms?
The gold standard for identification of an intracranial aneurysm is an IADSA with selective cerebral arterial injections and multiple projections (Mayberg et al., 1994) (see Figs 2A and 3A) . However, IADSA is invasive, requires a stay in hospital, is costly and carries a risk of complications. Modern IADSA has an overall 1% risk of transient and 0.5% risk of permanent neurological complication (Warnock et al., 1993) ; but a recent meta-analysis indicated that the risk in SAH patients and patients with an aneurysm or arteriovenous malformation but no SAH is much lower at 0.07%, and the risks of either transient or permanent neurological complication were greater in the SAH group than in the non-SAH group (Cloft et al., 1999) .
Due to these problems, IADSA is unsuitable for use in large numbers of subjects as a screening test. Intravenous digital subtraction angiography has inadequate resolution to replace IADSA (Atlas, 1994) . Hence the increasing interest Fig. 3 Imaging of a left anterior communicating artery aneurysm (arrow) with the gold standard intra-arterial digital subtraction angiography (A), and two non-invasive techniques, i.e. magnetic resonance angiography (B) and computed tomographic angiography (C). The aneurysm is small and very difficult to identify with certainty using the MRA or CTA.
in using non-invasive tests such as MRA, dynamic spiral CT angiography (CTA) or transcranial Doppler ultrasound (TCD), all of which can be performed on out-patients. Any test aiming to replace IADSA in the detection of asymptomatic aneurysms has to be extremely sensitive because an undetected ('missed') aneurysm is a potentially lifethreatening circumstance, yet one does not want to perform confirmatory IADSA (or, even worse, surgery) unnecessarily; therefore, specificity also has to be excellent.
A systematic search of the English and non-English language literature to identify all studies of non-invasive imaging of aneurysms was performed by the authors. Over 100 studies published between 1988 and 1998 (inclusive) have compared non-invasive imaging methods with IADSA. Most of these studies have been of MRA or CTA, a few of MRA and CTA, and a few of TCD. Most report apparently excellent results, but many are small studies and have methodological deficiencies, which combined may have led to an overestimation of the accuracy of these techniques in clinical practice. We identified 104 studies (to the end of 1998) which met initial eligibility criteria (White and Wardlaw, 1999) , i.e (i) comparison of a non-invasive method with IADSA (the gold standard); (ii) at least 10 subjects in the study; (iii) and published from January 1988 to December 1998 inclusive. Two readers independently reviewed all these papers against a pre-defined set of inclusion criteria using an intrinsically weighted scoring system.
The major methodological problems (summarized in Table  5 ) included lack of clear and definite blinding (50%), failure to list exclusion criteria and/or number excluded (79%) and failure to present data in a way that enabled recalculation of the imaging test sensitivity, specificity, predictive values per aneurysm and/or per patient. The average sample size was only 37 (even though all studies were of ജ10 subjects) and most studies were in patients with recent SAH so the aneurysm prevalence was high. A summary of the methodological weaknesses with studies comparing MRA, CTA or TCD with IADSA identified by our systematic review is given in Table 5 .
Studies testing MRA, CTA or TCD accuracy in patients with recent SAH are likely to have overestimated 'accuracy' were these tests to be used for screening for the following reasons. (i) The prevalence of aneurysms was higher than it would be in asymptomatic individuals to be screened. It was thought that disease prevalence did not affect the sensitivity and specificity of diagnostic tests (Sackett et al., 1991) , but there is statistical mathematical modelling to support the concept that, in addition to the effect of prevalence upon predictive values, increasing prevalence also improves the sensitivity and specificity of a test (Brenner and Gefeller, 1997) . (ii) The observer looks harder for aneurysms if there is a high probability of one being present (i.e. observer expectation bias). The addition of control groups without SAH has been used in some studies to reduce this bias but, as these control groups have not had corroborative IADSA, *Initial inclusion criteria were a study of a non-invasive imaging modality for aneurysms versus IADSA including ജ10 subjects. † A score was derived for each paper from an aggregate of two independent reviewers' assessments against a list of predefined quality criteria. A score of Ͼ5 was determined as indicating adequate quality.
caution must still be employed in the interpretation of the results. (iii) The presence of subarachnoid blood can help to draw attention to the aneurysm. (iv) Publication bias: studies showing greater accuracy are more likely to be submitted (and published) than those with poorer accuracy. As a result of these methodological issues, the reported sensitivities, specificities and predictive values must be interpreted with some caution, particularly if one is considering using the non-invasive test to screen for aneurysms in a low prevalence population. Analysis of accuracy per patient rather than per aneurysm is of more clinical relevance to a screening programme where the detection of any aneurysm in a patient would lead to definitive IADSA, which would then detect any aneurysms missed by the non-invasive screening investigation. However, failure to identify any aneurysm by MRA (or any other imaging test) in a patient where one was actually present could offer false reassurance.
For 18 adequate quality blinded-reader studies of MRA, the sensitivity for detection of at least one aneurysm per patient ranged from 69% (Huston et al., 1994) to 100% (Futatsuya et al., 1994) and the specificity from 75% (Gasparotti et al., 1994) to 100% (Futatsuya et al., 1994) . For the detection of all aneurysms, sensitivity ranged from 70% (Huston et al., 1994) to 97% (Aprile, 1996) and specificity from 75% (Gasparotti et al., 1994) to 100% (Wilcock et al., 1996) . In many papers, it was not possible to extract the precise numbers of false-negative and falsepositive results per patient and per aneurysm from the data presented. There is a trend towards a correlation between the results reported and the prevalence of aneurysms in the study population. The lower the prevalence, in general, the poorer the reported results: for the MRA studies with aneurysm prevalence ജ75% (12/18), median sensitivity for the detection of all aneurysms was 91% (range 70-97%), whereas for studies with aneurysm prevalence Ͻ75%, median sensitivity was 82% range (77-95%).
The accuracy of MRA and CTA may depend on how the images were processed and reviewed, though little work has been done in this area . One study found a sensitivity (for identification of at least one aneurysm per patient) of 75% for MRA presented as Maximum Intensity Projection reconstructions alone (this type of image resembles an angiogram; see Figs 2B and 3B), but sensitivity increased to 95% when axial base and spin-echo images were reviewed as well (Ross et al., 1990) . Aneurysm size is an important factor in aneurysm detection, with studies of MRA consistently indicating sensitivity rates of Ͼ95% for aneurysms Ͼ6 mm diameter but much less for smaller aneurysms . For aneurysms Ͻ5 mm, detection rates as low as 56% have been reported (Korogi et al., 1996) . With the standard time-of-flight MRA technique, flow-related artefacts may obscure some of the anatomical detail that is available with other methods such as CTA (Brown et al., 1997) , but time-of-flight techniques have a greater sensitivity for aneurysm detection than phase-contrast techniques (Atlas, 1997) .
CTA (see Fig 2C and 3C for examples) has some disadvantages compared with MRA in that it requires an injection of iodine-based contrast (which may cause allergic reactions and can cause a deterioration in renal function in vulnerable groups) and is associated with radiation exposure (typically~2 mSv, equivalent to~1 years background radiation in the UK). The radiation dose would be a significant drawback in using CTA for community screening, particularly if this needed to be repeated several times during an individual's lifetime. However, CTA is more rapid than MRA, and some patients have a contraindication to MRI or suffer from claustrophobia and cannot tolerate the MRI examination. Spiral CT technology allows the acquisition of a volumetric data set which markedly improves the image data reconstruction techniques and allows the whole area of interest to be examined rapidly during peak arterial contrast concentration. CTA has been studied less extensively than MRA, but published data of CTA versus IADSA indicate that spiral CTA is at least as good, if not more accurate than MRA, with overall aneurysm detection rates of 85-98% (Alberico et al., 1995; Hope et al., 1996) . In our systematic review, we identified 16 adequate quality blinded-reader studies of CTA versus IADSA (of ജ10 subjects, published 1988-1998) . The prevalence of aneurysms was ജ75% in 13 of 16 studies and Ͼ60% in all cases. It should be borne in mind that these are relatively early reports of spiral CTA, and the early results reported for MRA were often better than those reported in later years.
Colour TCD ultrasound became available in the early 1990s, with apparent success at identification of aneurysms (Tsuchiya et al., 1991; Becker et al., 1992) . Ultrasound has the advantage of lower capital cost and mobility compared with IADSA, CTA and MRA. A recent technological development of colour Doppler called Colour Doppler Energy or Power Doppler, offers significantly greater sensitivity to flowing blood than standard colour flow imaging (Wardlaw and Cannon, 1996) . Using this technique, one of the authors found an overall sensitivity for detection of aneurysms of 80% but a sensitivity of 91% for detection of at least one aneurysm in patients harbouring aneurysm(s) who had an adequate temporal bone window. Specificity was 87.5% (Wardlaw and Cannon, 1996) . Unfortunately,~10% of patients will not have an adequate bone window and the technique is very operator dependent. For our systematic review, we identified 11 papers comparing TCD with IADSA, of which only three were prospective blinded-reader studies, and aneurysm prevalence was Ͼ78% in all three. Ultrasonic contrast agents and 3D ultrasound imaging may improve accuracy. A very recent paper has combined these two technical advances together, and in a series of 30 patients with known aneurysms the authors reported a sensitivity for aneurysm detection of 87% and specificity of 100%, although in this particular study the ultrasonographer was not fully blinded (Klotzsch et al., 1999) . Nevertheless, the technology is improving and these results are encouraging.
The results for non-invasive imaging methods are significantly poorer for smaller (Ͻ5 mm) aneurysms, which constitute as many as a third of aneurysms in asymptomatic patients (Kojima et al., 1998) . These aneurysms cannot necessarily be ignored just because their current rupture risk is low. An example of the problems of current non-invasive imaging of aneurysms is the study by Ronkainen and colleagues who screened 85 families of patients with SAH using MRA (Ronkainen et al., 1997) , and found 58 aneurysms in 45 of 438 subjects with MRA and performed IADSA in 43 of these 45. Of these 43, seven did not in fact have an aneurysm (false positives), and the remaining 36 subjects actually had 60 aneurysms (13 of these had been missed by MRA, i.e. false negatives). Forty-seven aneurysms were found by both MRA and IADSA, giving a true positive rate per aneurysm of 78%, a false-positive rate of 15% and a false-negative rate of 22%. Data per patient could not be extracted. The positive predictive value was 87% but, as 395 patients did not have IADSA, the true negative rate and negative predictive value rates cannot be calculated for the whole study. It is likely that some aneurysms were missed amongst the 395 MRA negative subjects and, indeed, one subject suffered an aneurysmal SAH 3 years after a negative MRA. Despite these limitations, MRA is being used to screen for aneurysms in some neuroscience centres in Europe and extensively in Japan (Kojima et al., 1998) . MRA is also being used in studies to identify the frequency of aneurysms in families of SAH patients (Ronkainen et al., 1995; Kojima et al., 1998; J. van Gijn, personal communication) .
Imaging technology is improving all the time, and recent developments such as contrast-enhanced subtraction MR techniques and 3D contrast-enhanced transcranial power Doppler sonography should lead to an improvement in diagnostic accuracy. Further studies of non-invasive imaging of aneurysms are ongoing, but what is particularly required is a larger study in patients without SAH but at risk of an aneurysm (and who all have digital subtraction angiography for verification), to eliminate the systematic bias in accuracy assessment of CTA/MRA/TCD introduced by a preponderance of recent SAH patients. In considering non-invasive screening for aneurysms, as well as the limitations of the tests themselves, one should also consider the need for subsequent follow-up to exclude de novo aneurysm formation or enlargement of any small aneurysms previously detected, which raises the question of how often to do this and for how long? No definite evidence-based answers exist to these questions at present.
What should be done if an aneurysm is found, i.e. what are the risks of treatment?
Aneurysms may be treated by surgical clipping (or wrapping) or by interventional neuroradiology. Surgical treatment, having been in use routinely for Ͼ40 years, has fairly clearly defined risks and morbidity. There are clear and important differences in risk between surgery for ruptured and unruptured aneurysms, the risks being much higher in patients who have sustained an aneurysmal SAH. A systematic review of surgical treatment for unruptured aneurysms was performed by Raaymakers and colleagues who identified 61 studies including 2460 patients and at least 2568 aneurysms published between 1966 and June 1996 (Raaymakers et al., 1998) . Only studies in which at least 90% of patients were treated by clipping (as opposed to wrapping or other surgical techniques) were included. Unfortunately, only eight of the studies were prospective, the rest being retrospective, and, in virtually all studies, the neurosurgeon performing the operation was also the observer of outcome. Median followup was at only 24 weeks (range 2-234 weeks) in the 21 studies which reported the time of outcome assessment. Overall permanent morbidity occurred in 10.9% (95% CI 9.6-12.2%) of patients and mortality was 2.6% (95% CI 2.0-3.3%). The lowest morbidity and mortality was found with small anterior circulation aneurysms (mortality 0.8%, morbidity 1.9%), and the worst with large posterior fossa aneurysms (mortality 9.6%, morbidity 37.9%), with large anterior circulation aneurysms (mortality 7.4%, morbidity 26.9%) and small posterior fossa aneurysms (mortality 3.0%, morbidity 12.9%) being intermediate. To some extent, the higher mortality of posterior fossa (than anterior fossa) operations was due to confounding by aneurysm size, giant Raaymakers et al. (1997) ; ¶ Vinuela et al. (1997) ; # Brilstra et al. (1999) .
aneurysms being more frequent in the posterior fossa in patients included in these studies. In the interpretation of these results, it is important to bear in mind the effect of publication bias. Studies which found higher mortality rates than the published literature of the time are less likely to have been published because, as Raaymakers et al. point out, public awareness of these results might be disadvantageous to the neurosurgeon or the hospital. The prospective arm of the ISUIA also addressed the issue of risks of surgical intervention in unruptured aneurysms. This enrolled 1172 patients (211 of whom had a history of previous SAH) and 996 underwent surgery. The surgeryrelated mortality at 1 year was 3.8% (95% CI 2.4-5.4) in patients with no prior SAH and 2% (0-2.6) in patients who previously had suffered an SAH from a different aneurysm, already treated. Morbidity was 12.0 and 12.1%, respectively. These figures are based on current surgical practice and indicate higher mortality and morbidity than the overall figures quoted in the systematic review by Raaymakers and colleagues, although it must be noted that the 95% confidence intervals for these two papers overlap. The increased morbidity was ascribed largely to impaired mental status, which was not assessed in most previous studies (International Study of Unruptured Intracranial Aneurysms Investigators, 1998) . The mortality figures at 1 month in the ISUIA study were similar to those in the systematic review at a median of 24 weeks, 2.3% versus 2.6%, respectively. Age was the only independent predictor of outcome in the ISUIA study: the RR of surgery-related morbidity and mortality at 1 year was~5 in the group Ͼ64 years of age compared with patients Ͻ45 years of age. These data are summarized in Table 6 .
The effectiveness and risks of aneurysm coiling are less certain because the technique is newer and still developing. Currently, interventional neuroradiology treatment would usually be with Guglielmi detachable coils (GDC), which were introduced in 1991 and revolutionized the endovascular treatment of intracranial aneurysms (Guglielmi et al., 1991) . The USA Multicenter Study Group identified a 1% mortality and a 4% morbidity for unruptured aneurysm treatment, with 78% of aneurysms being completely occluded. The rupture rate of partially coiled aneurysms was 0.5% per annum from the limited follow-up data available (Vinuela et al., 1997) . There is some evidence that even partial treatment by GDC confers benefit in the early post-rupture period; post-GDC treatment haemorrhage occurred in only nine of 403 patients, although the length of follow-up was very limited in many patients (Vinuela et al., 1997) . A systematic review of aneurysm coiling (all observational studies) identified 48 studies including 1383 patients (Brilstra et al., 1999) . Permanent complications of coiling occurred in 3.7% (95% CI 2.7-4.9%), but only 54% (95% CI 50-57%) of aneurysms were completely occluded. Many included studies were retrospective and there was no indication of whether the outcome assessment was by an independent assessor or not. There is only one randomized trial-the International Subarachnoid Haemorrhage Trial-which is comparing coiling with clipping (though only in ruptured aneurysms) and that is ongoing. Coiling has not been utilized for long enough to know what the long-term success rate will be in preventing SAH or what other long-term complications might develop. It is difficult to make much sense of the morbidity and mortality data in observational case series (and hence in the systematic review) because the type of patients treated may be 'worse' than those in surgically treated observational series, they may get more (or less) intensive after-care, and there are numerous other sources of bias and confounding which make it impossible to say more than that the coiling technique appears very promising but needs to be evaluated against surgery in randomized trials.
In the case of an unruptured aneurysm, should one decide treatment was necessary, the long-term results of coiling are particularly relevant because coiling could provide a less invasive alternative to surgery. It is worth noting that the published rupture rate of partially coiled aneurysms is the same as that reported from the ISUIA study for untreated unruptured aneurysms Ͼ10 mm diameter or for any unruptured aneurysm in a patient with a previous SAH. The regrowth rate of partially coiled aneurysms is still being defined, thus there are considerable uncertainties about the long-and short-term effectiveness of coiling. Current evidence suggesting an overall rupture rate of asymptomatic untreated unruptured aneurysms in the range 0.27% (International Study of Unruptured Intracranial Aneurysms Investigators, 1998) to 1.9% means that the cost effectiveness of GDC treatment or surgery is decidedly uncertain. If the ISUIA rupture rate of 0.05% per annum (for aneurysms Ͻ10 mm in diameter) is correct (and it is the most rigorous large study to address this issue to date), then neither coiling nor surgery seems sufficiently safe to justify intervention in most patients with unruptured aneurysms. A randomized trial of best medical therapy versus intervention with long-term follow-up is required.
Are there other worthwhile interventions?
Apart from direct treatment of the aneurysm, it is likely that there are other ways of reducing the risk of rupture, which collectively could have a useful effect. Cessation of smoking, careful control of blood pressure, avoidance of risk factors for atherosclerosis (careful diet, regular exercise, etc.), while unproven, may help reduce both the risk of formation of aneurysms and the risk of rupture, as well as improving general health. Avoidance of anticoagulant (and possibly antithrombotic) drugs in patients known to harbour an unruptured aneurysm may reduce the risk of a poor outcome should the aneurysm rupture. There is evidence for a worse outcome of aneurysmal SAH in patients on anticoagulants (at least a doubling of the mortality rate) , but less evidence for patients on aspirin. With the widespread use of aspirin, there must be a reasonable proportion of patients who happen to rupture an aneurysm while on aspirin and the prolonged bleeding time in patients on aspirin or other non-steroidal anti-inflammatory drugs (NSAID) theoretically might result in a similar poor outcome to that found with anticoagulant drugs. However, a study on this subject has not confirmed the hypothesis. In fact, Juvela found that the use of NSAIDs preceding aneurysmal SAH did not significantly affect outcome, and that NSAIDs taken after the SAH might actually reduce the risk of secondary ischaemic events (Juvela, 1995) .
Screening for occult intracranial aneurysms
There is a popular belief that screening to detect and so prevent disease 'must' be beneficial as well as straightforward, effective and cost effective; in fact it is often complex, of arguable effectiveness and very expensive (Lancet Editorial, 1998) . To be effective, the screening test must discriminate between those with and without the disease, and not identify any self-limiting forms of disease which would not otherwise require treatment. A large administration infrastructure is required to deliver and maintain a national quality-assured screening programme. Some of the problems with screening as highlighted in the above-mentioned Lancet editorial may be illustrated further by the following examples. Screening for congenital dislocation of the hip failed to detect the condition in 70% of those children who subsequently required corrective surgery for it (Godward and Dezateux, 1998) . In Japan, screening of children at 6 months of age for neuroblastoma found that screening at this age detects numerous cases that would have otherwise regressed spontaneously, and misses the more aggressive cases, in whom neuroblastoma develops later (Kudo et al., 1998) . A trial of screening for colorectal cancer (Kronberg et al., 1996) randomized 61 933 subjects to screening or no screening with faecal occult blood tests twice yearly for 10 years to demonstrate a 0.1% absolute reduction in deaths from colorectal cancer. The calculated cost for each colorectal cancer death prevented in a UK study of 152 580 patients (Hardcastle et al., 1996) was $200 000 (Wagner et al., 1996) .
Unless a screening test is very highly sensitive and specific, inexpensive, easy to administer and can be delivered in practice to the appropriate population successfully, it is unlikely to produce worthwhile results and is more likely to increase health care costs and stress amongst the population and health care staff alike (Lancet Editorial, 1998) . Furthermore, unless one can differentiate between disease likely to remain sub-clinical and that likely to cause significant symptoms, the treatment of disease following on from a screening programme may have less impact than expected on cumulative mortality rates. In the case of intracranial aneurysms, because we cannot yet tell when aneurysms are going to rupture or form de novo, it would be difficult to know which to treat, which to leave alone, how often to screen, etc. The stress of being screened is difficult to quantify and probably depends in part upon the seriousness (in the mind of the screened population) of the disease being sought. McDonald et al. assessed patient reassurance after a normal test result in patients undergoing echocardiography for symptoms or an asymptomatic murmur (McDonald et al., 1996) . All those presenting with symptoms remained anxious despite the normal test result, and 39 of 52 people (75%) presenting with an asymptomatic murmur became anxious after detection of the murmur. Over half of these (21/39) remained anxious despite the normal echocardiogram result.
Several groups have recommended screening for intracranial aneurysms in high-risk groups, namely ADPKD patients and those with a strong family history of aneurysmal SAH (Levey, 1990; Wiebers and Torres, 1992; Ronkainen et al., 1995; Butler et al., 1996; Kojima et al., 1998) . The efficacy of screening for aneurysms depends crucially on certain parameters relating to the natural history of aneurysms, particularly the prevalence and the annual risk of rupture. Analysis of rupture risk is complicated further by the pattern of aneurysm rupture-some aneurysms appear to develop and rupture rapidly whilst others stabilize (Schievink et al., 1991; Juvela et al., 1993; Black, 1994 ; International Study of Unruptured Intracranial Aneurysms Investigators, 1998). Screening will tend to detect the low-risk stable type rather than the high-risk aneurysms. The other critical considerations are the accuracy of screening test(s) and the safety and effectiveness of treatment. Several groups have applied detailed models to the screening decision analysis process for aneurysms (ter Berg et al., 1988; Leblanc et al., 1994; King et al., 1995; Obuchowski et al., 1995; Kallmes et al., 1998; Crawley et al., 1999) , and only the most recent of these papers came out against screening, the others suggesting it was justified in the at-risk populations identified. This may be because the earlier studies assumed higher aneurysm rupture rates, higher MRA accuracy and a lower morbidity rate from treatment than are apparent in the more recent and rigorous evidence now available.
Are there other considerations of screening for unruptured aneurysms?
As with any screening exercise, multiple factors need to be considered, such as raising anxieties in the patient or the patient's family, confidentiality issues, 'the right not to know', the problems raised by false-positive and false-negative diagnoses, what age to start investigating patients, how often to repeat the investigations, etc. For intracranial aneurysms, many of these factors remain uncertain. There may be financial costs for the individuals who are screened (e.g. through insurance costs and employment implications). If conservative management is advised, the knowledge of the presence of an aneurysm may be worrying to the individual concerned (and to his/her family and employer). The question of whether any genetic test results should be used for actuarial purposes by insurance companies is highly controversial and unresolved (Morrison, 1998; Thomson, 1998) . Even defining a 'genetic test' is fraught with difficulty (Harper, 1997) , and this may well prevent legislative attempts to prevent discrimination on the grounds of genetic heritage from succeeding in Europe and the USA (Council of Europe, 1996; Thomson, 1998) . UK financial institutions will not (at present) charge higher premiums for life assurance simply because investigations have been done, provided the results are negative. Bearing all these factors in mind, ignorance (of the presence or absence of an aneurysm) may actually be the best course of action for an individual at present.
As regards driving, the presence of an unruptured asymptomatic aneurysm is considered to be incidental by the UK Driver and Vehicle Licensing Authority for ordinary group I licences, and there are no restrictions imposed. However, for group II licences (i.e. for Heavy Goods Vehicle and Public Service Vehicle licences), the licence will be refused or revoked pending a specialist assessment for the DVLA of the risks on an individual patient basis. This might have considerable financial implications for some patients.
Conclusion
In summary, the indications for, and the cost effectiveness of, screening for unruptured intracranial aneurysms is unproven because the range of values reported for aneurysm prevalence and rupture rates are wide, the imaging tests are not accurate enough and the risks of surgical treatment are high compared with the risk of aneurysm rupture, and these values are critical to the cost-benefit analysis. We should be wary of introducing any screening programme which may lead to the detection and treatment of cases which would never have caused clinical disease and which equally might miss cases, including those arising de novo, after screening.
So what, if anything, should we be doing at present about unruptured intracranial aneurysms? Clearly, the weight of evidence is against routine screening of all relatives of SAH patients. However, obtaining a careful and complete family history in patients with aneurysmal SAH should be mandatory. In general, asymptomatic subjects with only one family member affected by SAH do not have a sufficiently increased risk to outweigh the risks of screening (and treatment). Those patients with the greatest risk of having an unruptured aneurysm, and of it then rupturing, are females aged over 30 years from families with two or more first or second degree relatives affected by SAH. They are particularly at risk if they have additional identifiable risk factors such as smoking, excess alcohol consumption or hypercholesterolaemia, hypertension or are using the oral contraceptive pill. Such subjects (and patients from the rare families with many affected members, and ADPKD patients) should be assessed on an individual basis taking all the relevant risk factors into account before offering screening for intracranial aneurysms. Until the accuracy of non-invasive tests is better defined, IADSA should be still be regarded as the only way definitively to exclude the presence of an intracranial aneurysm. The risk of rupture if an asymptomatic aneurysm is present is low (Ͻ0.5% per annum) and the risk of most aneurysms (small, non-posterior circulation aneurysms) is considerably outweighed by the morbidity and mortality of surgery, the role of coiling being as yet unproven, but known risk factors for aneurysm rupture should be stringently avoided. To resolve some of the issues highlighted above, we need more information on the genetic basis for aneurysm formation and randomized trials with long-term follow-up to evaluate the risks and effectiveness of best medical therapy compared with surgery and/or coiling for the treatment of asymptomatic unruptured intracranial aneurysms.
